captained the Rover Cricket Club. He continued to play until he was 65, and on several occasions took a team to play against his son's school in Coventry. At the time of his death in March 1954 he had been a Vice-President of the Coventry and North Warwickshire Cricket Club for 30 years. It was only after his father's death that Jack learnt that he had been married twice.
Jack's mother, Ethel, was born in Coventry on 21 June 1881, so was 16 years younger than his father. She worked as a typist until her marriage. She was the perfect housekeeper-practical, 'down-to-earth' and a good cook. She very successfully managed the family finances, for, good though her husband may have been as accountant for the Rover Company, his genial and generous nature apparently took precedence over his domestic financial prudence. She lived nearly all her life in Coventry but spent her last three years in Langdon House, Cambridge, where Jack was able more easily to visit her regularly. She died in February 1973. Jack was very sympathetic to the problems of the elderly; in 1976 a new home for old people in Cambridge was named Linnett House in his memory.
Linnett was much attached to one of his uncles, P. J. Ward, who was a chemist and worked with the Attock Oil Company in India and was interested in the technology of distillation. His mother's sister married R. C. Gale who was Professor of Chemistry at the Military College of Science in Woolwich; when quite young Jack was taken round the laboratories there.
His childhood in Earlsdon Avenue, Coventry, was very happy. There were everlasting games of cricket in the backyard. He enjoyed his bicycle and would take his cousin Margaret, four years younger than he, for rides on his crossbar. He was an avid reader of the comic Rainbow. In the summer the Linnetts would go to Mevagissey in Cornwall to stay with Jack's aunt and uncle and cousin Nell. His aunt-his father's sister-was headmistress of a school in Mevagissey and a keen cyclist. There were splendid family picnics, with photo graphs taken by Jack's father. The Linnetts' visits were always serene and Jack enjoyed them immensely; with Nell he would go on long walks through the Cornish countryside. Later, when he was at Oxford, she would visit him and be taken to numerous cricket matches. The Linnetts frequently visited Birmingham and regularly spent Christmas there with their Knight relations; apparently Jack once slightly damaged the gas cooker while performing a chemical experiment! He loved photography and did his own developing at home.
In September 1919 Jack Linnett entered the preparatory branch of King Henry VIII School, Coventry. He had an outstandingly successful school career, both as a scholar and as a cricketer. He was awarded a form prize each year from 1921 to 1927 and was generally in second place after G. S. N. Richards who went on to become Captain of the School in 1930-31. They left on the same day and Linnett was best man at Richards's wedding in September 1940. Richards is now a leading solicitor in Coventry. From 1927 to 1930 Linnett was an Advanced Course Scholar, and in 1928 Vice-Captain of Lupton House, Secretary of the Science Club and was awarded his colours for cricket. In 1929 he won the Theodore Newsome Memorial Medal for Physics. In 1930 he was Captain of his house, Senior Prefect and gained a distinction in chemistry in the Cambridge Higher School Certificate. He was awarded the Sir Thomas White Scholarship to St John's College, Oxford, for October 1931. In 1931 he gained a distinction in physics in the Higher School Certificate and was awarded a State Scholarship; he also won a Coventry Education Committee Major Scholarship, the Simon Stone Scholarship and a Governor's Leaving Exhibition of £50 for three years. He was captain of cricket and wicket-keeper; his batting average was 27.4 and his top score 105 not out. He played rugby for the 2nd XV.
In 1930 there were about 260 boys at King Henry VIII School. It was a very friendly society, much at peace within itself and one in which both masters and boys were more concerned with their responsibilities than with their rights. Among the staff there was a willingness to devote time and abilities in full measure to the school, outside as well as inside the classroom, and the boys responded by giving their best in work and sport. Much of this atmosphere was due to the character and practice of the Headmaster and his wife, Mr and Mrs John Lupton. When Linnett returned to his school to present the prizes in 1950, he spoke warmly of his debt to his science master, F. H. Metcalf, and his mathematics master, W. H. Howard. Metcalf had no great academic qualifi cations, but was very keen on his subject; he also taught H. M. Powell (a colleague of Linnett in Oxford and elected F.R.S in 1953). Howard, of St Catharine's College, Cambridge, was a Junior Optime in the Mathematical Tripos in 1903. But the teacher who probably influenced Linnett most was John Ritchie, who studied at Manchester University under Professor A. Lapworth, F.R.S., and graduated with first-class honours in chemistry in 1924 and with a first-class Teacher's Diploma in 1925. He joined the staff of King Henry V III School in 1928. Ritchie was not only a splendid teacher but also a very forceful personality. He became known to the boys, in all affection, as 'the Slavedriver'. Ritchie did much for Jack Linnett, who, in his last year at school, had the undivided attention of one of the best teachers of science in the country. Linnett's book Wave mechanics and valency (Methuen, 1960) is dedicated 'to the late J. Ritchiemy Science Master'. John Ritchie stayed at Coventry for only one term after Linnett went up to Oxford. He was interviewed for the headship in 1931 when he was barely 30. He moved to the Municipal Secondary School at Wolverhampton as Senior Science Master, and later to Wath upon Dearne Grammar School as Headmaster.
The only criticism that has been made of Jack Linnett at school was that he had difficulty in writing English! A contemporary whose duty it was to edit the school magazine claims that he 'had to correct his syntax, although of course he always got his facts right'. Before he could take up his scholarship to Oxford he had to sit the University entrance examination in Latin as he had not obtained a sufficiently high standard for the School Certificate examination. It is most fortunate that he passed, for Oxford and Cambridge and the world might well have lost a very distinguished scientist. Jack remained strongly attached to his school. He frequently returned and was a very active member of the Oxford Old Coventrians Association. He became a Governor of the school in 1951 and at the time of his death was the longest serving member of the Board. He was also Linnett was Captain of Cricket at St John's in 1934 and a member of the Oxford University Authentics Cricket Club (which is approximately equivalent to a university second eleven). Bearing in mind his reputation at school, one might have expected him to gain his Blue for cricket, but here it is necessary to record one of his few disappointments-he was invited to play in the Freshmen's Trial in May 1932 but was dismissed very cheaply in both innings. This was a great blow to his friends in Coventry but Jack took it well and afterwards said that it was probably a blessing in disguise because university cricket and science are nearly incompatible. He derived much pleasure from being an Authentic and wore the red, blue and gold tie almost daily. In the 1940s, 1950s and 1960s he held office in the Oxford University Cricket Club, as Senior Treasurer from 1945 to 1950 and as Fixtures Secretary from 1951 to 1965. Cricket was an abiding interest of his and he continued to play throughout his life. He and Colin Cowdrey, the Oxford, Kent and England cricketer, are descendants of the same great-grandmother, Jane Thirlby. He was a genuine all-rounder-an aggressive batsman, a useful medium-pace bowler, an excellent fieldsman and a wicket-keeper. He played regularly for the North Oxford Cricket Club and in 1939 Club and in , 1947 Club and in and 1953 for Oxfordshire. He also played in Coventry and for both of the Oxford dons' clubs, the Emeriti and the Barnacles. What stands out in memories of him on the field is his good companionship and his generous attitude to players less gifted than himself. His attitude to sport was very sound and in all his dealings he was truly sportsmanlike.
From Kistiakowsky, and Jack saw a lot of 'Kisty' in the laboratory and at seminars, and on the ski slopes of New England and Quebec. Wilson's group had a complicated home-made infrared spectrometer that was the 'most automatic spectrometer of the time'. They were also working on methods of analysing vibrations using normal coordinates. They had some very pure compounds which came from Kistiakowsky's work on heats of hydrogenation. Both groups were very interested in barriers to internal rotation; Kistiakowsky's approach was via heat capacities and other thermodynamic properties, so he needed vibrational analyses. Jack Linnett, alone and in collaboration with Avery and Crawford, worked on ethane, allene, cyclopropane and ethylene oxide. Three papers describing this work were published in the Journal of Chemical Physics in 1938. had not yet had a research pupil and women chemists were still rare; also he was naturally shy. In any case he accepted her and she went on to take her D.Phil. with him. Of most of her research little evidence remains. It was performed under the aegis of the Ministry of Supply and was therefore subject to the provisions of the Official Secrets Act. The papers published in the Transactions of the Faraday Society in the years immediately after the war contain only a fraction of the work.
Linnett's research interests at this time were mainly theoretical and the empirical nature of the war-related problems faced by Hinshelwood's team in Oxford were not always to his liking. Nevertheless he was always striving to find a theoretical implication and nothing pleased him more than for a pupil to use his results to 'do a bit of mathematics'. Much of the work was part of a general programme providing information about methods of protection from gas attacks. Like most of the young people in Oxford at that time, Linnett was acutely conscious of the need to justify his classification in a 'reserved occu pation'. He worked very hard and expected his students to do so too. He would probably have preferred more active service. He did his share of firewatching and air raid precaution duties, and also took on extra teaching work for colleges which were temporarily without chemistry tutors. And he had personal anxieties, for his parents were in Coventry, and his future wife in Birmingham and later in hospital in London.
In 1943 Linnett became involved in research aimed at the suppression of gunflash. A colleague at Balliol, R. P. Bell (elected F.R.S. in 1944), remembers a college meeting being punctuated with gunfire: Jack Linnett was firing shots into sandbags in the old Balliol laboratories which then extended beneath the Senior Common Room. This problem appealed to Linnett and led him on from spark ignition to research on flames; his interest in this field was retained for many years and gradually extended into the kinetics of oxidation reactions and to the recombination of atoms on surfaces.
In 1944 Linnett was appointed university demonstrator in the Inorganic Chemistry Laboratory and in 1945 he was elected Official Fellow and Praelector in Chemistry at The Queen's College, Oxford. He was Dean of The Queen's College from 1945 to 1948. He was excellent in this role, for he not only had cool, quiet common sense but was also outwardly imperturbable during the normal decanal crises. Also his abilities on the sports field and in scholarly work permitted him to see the point of view of all kinds of undergraduates and to be respected by them whatever their ambitions.
As a member of the Governing Body of Queen's, his good judgement was again invaluable and influential. He gave much thought to important business and could intervene firmly and forthrightly but was always open to conviction by argument. He could be much put out and angered by specious and unfair argument and by those who carried on their differences to disagreement outside the meeting.
Linnett was very good with undergraduates. He was able to put them at their ease and this made him particularly effective at interviewing candidates for scholarships or fellowships-he could be penetrating but his obvious goodwill succeeded in drawing the best out of them. As a college tutor his informality was very effective and much appreciated. He would meet his undergraduate pupils once a week in pairs in his room in College. They would discuss a topic in physical chemistry which might be the subject of the essay for the next week; they would begin from first principles and Linnett would sketch derivations and draw diagrams on copious quantities of scrap paper. He would anticipate the difficulties the students were likely to face in the coming week's work. He rarely questioned his pupils directly, nor invited them to read their essays, but he was very skilful in ensuring that they took part in the discussions. He did not lavishly bestow praise, nor did he administer harsh criticism, but he succeeded in encouraging his pupils to greater efforts. In his memorial address in Great St Mary's Church on 29 November 1975, Sir Frederick Dainton, F.R.S., said: 'To Jack Linnett students were not the passive consumers of predigested intellectual pabulum but people whose hidden abilities had to be found and developed by perceptive, older, more experienced men and women whose duty it was to see their pupils as individuals and friends and to offer them an attractive invitation to share in their learning. He was a liberator of minds, not a quencher of enthusiasms. ' Linnett was dedicated to the collegiate university and he remained extremely interested in undergraduate teaching throughout his career. 'Three supervisions a week seems an awful lot if an undergraduate is to have the time to explore anything in depth which will give him permanent satisfaction'; and this is the theme of his letter in the correspondence column of the Cambridge University Reporter for 5 November 1975, just two days before his death: ' . . . those con cerned with the teaching of undergraduates are worried by the steady increase in the number of supervisions per man per week. I think that this is a matter with which we should be very concerned. But of course it is not a new problem. It has been the concern of Tutors and Directors of Studies for many years. ' The emphasis of his undergraduate teaching was on physical chemistry. If asked by a student why they had not covered much inorganic chemistry in tutorials he might reply: 'Oh, but you have really done quite a lot even though it may not seem like descriptive inorganic chemistry.' He would justify his presence in the Inorganic Chemistry Laboratory by saying that if you study the kinetics of inorganic reactions, such as H 2 + 0 2 -> products or O + wall -> pro ducts, you are an inorganic chemist. He liked to use simple models in his lectures and tutorials, and made good use of assemblies of ping-pong balls. The normal modes of vibration of the carbon dioxide molecule were demonstrated by using his head as the carbon atom and his fists as the oxygens, while ethylene was illustrated using his two hands back-to-back with his fingers and thumbs indicating the stereochemistry of the molecule.
As a supervisor of graduate students he offered a very free rein. He was marvellous as a guide and critic. He would listen with great patience and would often take a student's written work home and return it promptly with helpful comments and suggestions. As pressure on his time mounted and his activities outside Oxford increased, a queue of students might be waiting to see him while he was demonstrating in the Inorganic Laboratory. On one occasion a student knocked on his door in the hope of discussing research; Linnett was about to leave for London but said that they could talk while walking to the station! Even while he held three major offices in Cambridge he would still devote considerable time to discussions with his research students-he was very con scientious and, having agreed to do a job, could be relied upon to see it through. Distinguished visitors were introduced to his research students, no matter how junior, as if they were established collaborators. And he always ensured that his students were given the fullest possible recognition in any publications. He did not apply pressure to them and tended to let them go their own way. Indeed, the view has been expressed by one of his former students that there was a need for greater exposure to quantum mechanics and to computing.
As a lecturer, Linnett was very conscientious and thorough, although he may have been too modest, too little of the showman, to inspire his audience. He could give an excellent seminar on his current research ideas-he would tip his head towards the audience and peer over his glasses and under his bushy brows, with a sparkle in his eye. He would write something on the blackboard and then back away from it while talking, eventually reaching the side of the lecture theatre when, after a short pause, he would walk back to the board, write something else, turn and back away again until he reached the other side of the theatre.
Linnett could be a formidable adversary of an editor when one of his papers was attacked. He was rather sensitive to criticism and hurt when it was unfair, although he might only show it by a rueful smile. He was not indignant of criticism designed to be helpful or constructive, even if he thought it was misplaced. But crude or unthinking criticism he resented sorely. She worked as a newspaper reporter during the war. She was recovering from a severe attack of pulmonary tuberculosis at the time of the marriage and had a collapsed lung. Linnett also had a shadow on a lung; tuberculosis was suspected and he had six months' leave of absence in 1946. This was spent at his home in Coventry where he made a splendid recovery.
Linnett and his wife hoped to spend two months in Madison, Wisconsin, in the summer of 1948, but unfortunately she developed pleurisy and they decided that he should go alone. His visit to Professor J. O. Hirschfelder's group was very successful indeed and a good start was made on their joint investigation of the interaction of two hydrogen atoms. The objective was to produce an elec tronic wavefunction which not only gave a satisfactory description of the hydrogen molecule but also incorporated the distortions that give the longrange dispersion force. Their paper was published in the Journal of Chemical Physics in 1950; references are still frequently made to the HirschfelderLinnett wavefunction for molecular hydrogen. While in Madison Linnett gave a series of graduate lectures; the Chairman of the Department, Professor J. H. Mathews, wrote to him as follows on 1 October 1948: 'By a unanimous vote of the Department Committee, consisting of all the professors in the Department of Chemistry at the University of Wisconsin, I am directed to thank you for the series of excellent lectures on molecular spectra and molecular structure which you presented during the course of the summer, and for the advice and help which you gave to various members of our staff. The staff members who were fortunate enough to meet you feel that it was a pleasure and privilege to make your acquaintance, and we hope that you enjoyed your summer in Madison well enough to create a desire to visit us again in the not too distant future.' Linnett returned to Madison and lectured in the Summer School in 1950. His wife went with him this time and they had a very enjoyable visit. Their friendship with Professor Hirschfelder was warm and lasting.
The Linnetts had a full and happy family life which owed much to his great good humour and affection. Their house was full of books, both serious and amusing. He and Rae were theatregoers. They entertained generously and formed very close ties with a number of students. During the Oxford years after the war, Linnett's research was concentrated on molecular force fields, on the measurement and interpretation of burning velocities in gases, on recombination of atoms at surfaces, and on theories of chemical bonding. His undergraduate textbook Wave mechanics and valency was published by Methuen in 1960 and was widely read in this country and in North America. The object of this book was 'to try to explain to the experimental chemist the processes and techniques that are involved in the application of wave mechanics to the electronic structures of atoms and molecules'. Up till December 1976, 3250 copies had been sold.
In 1960 Linnett was awarded a Cherwell Memorial Fellowship and went with his family to Berkeley, California. He worked in an office in the department of chemistry of the University of California which had been used many years earlier by G. N. Lewis as Dean of the College of Chemistry. He was an admirer of G. N. Lewis and had a pencil portrait of him in his office in the laboratory. It was in Berkeley that he originated his important modification of the LewisLangmuir octet rule; he proposed that the octet should be regarded as a double quartet of electrons rather than as four pairs, and thereby explained the stability of radicals such as nitric oxide. These new ideas were incorporated into his second book, The electronic structure of m , a new Methuen in 1964. The book is dedicated 'to G. N. Lewis, N. V. Sidgwick and L. Pauling, as a mark of respect for the contributions made by them to this subject'. Linnett made many visits to Berkeley and was a Visiting Professor in 1964 and again in 1970. In the words of a senior member of the Berkeley Chemistry Faculty he became 'more a member of this department than any visitor has ever been in the twenty years I have been here'. Arrangements had been made for another visit to Berkeley in the summer of 1976 to spend two months in the surface-chemistry laboratory of Professor G. A. Somorjai.
In 1955 Linnett was elected to Fellowship of the Royal Society in recognition of his distinguished work 'on molecular structure and on the physical chemistry of combustion and flame propagation'. He was very proud of this honour and frequently cited election to the Royal Society as evidence of the importance of a person's original contributions to science. He represented the Royal Society in 1969 at the Centenary Celebrations in the Soviet Union of Mendeleev's Periodic Table. He was to have delivered a paper entitled 'Views on capabilities of current entrants to university chemistry courses' at a Discussion Meeting of the Royal Society on the afternoon of 7 November 1975, the day of his sudden death.
The The Department of Physical Chemistry in the University of Cambridge has enjoyed for many years an enviable reputation in gas-phase kinetics and in photochemistry. In 1967 the Nobel Prize for Chemistry was in part awarded to R. G. W. Norrish, F.R.S., and George Porter, F.R.S., for 'their studies of extremely fast chemical reactions, effected by disturbing the equilibrium by means of very short pulses of energy'. Linnett preserved and fostered this strength in kinetic spectroscopy which still forms the main research thrust of the department. In addition he set up a group to study the chemical and physical properties of surfaces. He continued his own work on wave mechanics and wrote a long series of papers on applications of, and modifications to, a very simple and ingenious technique in molecular orbital theory, the floating spherical Gaussian basis set introduced by A. A. Frost in 1967. His work in quantum chemistry provided a link with the Theoretical Chemistry Group which administratively belongs in the Department of Organic and Inorganic Chemistry. An unsuccessful attempt was made by the University to merge the two chemistry departments before Professor Linnett took up his appointment. The separation still exists. However, many bridges have been built and the gap is much less significant than it was. Linnett's fair-mindedness, and his consideration and esteem for his staff, led him to devolve departmental decision-taking to regular meetings of the staff. His breadth and strength as a physical chemist, and his outstanding per sonal qualities, ensured that he was highly respected both within his own department and elsewhere in the University of Cambridge.
In 1970, only five years after his move from Oxford to Cambridge, he was elected Master of Sidney Sussex College. The most sustained programme of building and renovation since the College's foundation in 1594 was in progress. The proposal to admit women as members of the College was a subject for debate, as was the place of students in the government of the College. Discip linary procedures and the rules applicable to junior members, especially those relating to the entertainment of guests, were under challenge. There were some dramatic scenes in which Linnett's fairness, moderation and unshakable good sense were seen to the best advantage. He made important contributions to the College in other ways as well. He rapidly established friendly personal relations with a wide circle of members of the College, both past and present; in this he was greatly assisted by his wife. He travelled extensively to further the College Appeal, and he instituted annual conferences in the College for school teachers so that they might hear of new developments in their subjects. And he arranged an annual cricket match early in June between the College and the Master's XI.
After only three years as a Head of House, Linnett took office in October 1973 as Vice-Chancellor of the University of Cambridge. He succeeded Professor W. A. Deer, F.R.S., Master of Trinity Hall and head of the Department of Mineralogy and Petrology. At the same time, a Cambridge graduate, H. J. Habakkuk, became Vice-Chancellor of Oxford. It was an especially difficult time for Vice-Chancellors because of student unrest, and Cambridge was by no means immune from this challenge. Linnett served the University with high distinction as Vice-Chancellor. His qualities as scholar, teacher and man ensured that he received the respect and affection of senior and junior members and of the servants of the University. On 15 March 1975, at the end of an arduous Lent Term, he wrote to his cousin Nell: 'I am writing today because the cost goes up to 7p on Monday . . . I am very busy but I do not have student trouble and it looks as if I have a chance of getting right through my two years without any, which is lucky.' Alas, there were problems in store, for in advance of the special Congregation of the Regent House for the conferment of Honorary Degrees in the Senate House on 5 June, a group of students occupied the Senate House. Their aim was to force the University to provide nursery and creche facilities. Under pressure the Vice-Chancellor and his small committee agreed to recom mend the setting up of a working party on condition that the Senate House was vacated promptly. This wretched incident was a grievous blow to Linnett, but nevertheless he and his wife were in genial form as host and hostess at the garden party and luncheon in Sidney Sussex on 5 June.
At the time of his appointment as Deputy Vice-Chancellor in 1971 Linnett had had little experience of the government of the University. But he learnt quickly and was an outstanding success as Vice-Chancellor. He was concerned that the growth of the University had strained internal communications and he was striving to keep people informed. One way he achieved this was through frequent working lunches in Sidney. He played a vital part in discussions with Mr David Robinson which led to a remarkable benefaction for the foundation of Robinson College. It was his idea to form the Cambridge Society (the Oxford Society had existed for nearly 40 years). The Society has now been brought into being by a Committee working under the Chairmanship of Sir Carl Aarvold. The following is an extract from this Committee's prospectus: 'The role of Universities is under keen scrutiny. . . . The new Society's principal aim, therefore, is to provide old members with news about developments in Cambridge, information about the University's achievements and about the wide-ranging contributions it is making to the national and international community. By providing old members with a fuller understanding of the problems facing the University as a whole, the Society will complement what individual College Societies are doing and enable members in every walk of life to speak in an informed way about the University and thus, indirectly, to mobilize support for Cambridge. A further aim is to enable members to make new contacts among Cambridge men and women wherever they may be and to keep them in touch with the University.' In 1977 the Council of the Senate agreed to the establish ment of a Cambridge Society for resident and non-resident members of the University. The Society will fulfil its aims through branch activities and through a magazine, Cambridge. The experimental correspondence column in the Cambridge University Reporter was also Linnett's idea. He raised the question of whether two years was the right length of tenure for the Cambridge ViceChancellor ; he believed that there was a case for increasing the period, as Oxford has done, on the grounds that the duties extend far beyond Cambridge and that it takes time to learn the job and to know those who serve the University Grants Committee, the Committee of Vice-Chancellors and Principals, and so on. However, in Cambridge, but not in Oxford, the Vice-Chancellor may carry heavy responsibilities in a Department and as head of a College; there could be serious difficulties if a professor were to be away for a longer period from his duties as scholar and teacher. Nevertheless, in his two-year period of office Linnett served on several committees set up by the Vice-Chancellor's Committee; he was Chairman of a panel on European Economic Community directives concerning veterinary surgeons and continued in this role after ceasing to be Vice-Chancellor. He also attended a meeting of the Rectors of European Universities.
During the period he was Vice-Chancellor, there was growing Parliamentary and public criticism of the universities, and there was a fear that this could lead to more government control than has so far been considered compatible with academic freedom. Linnett believed that there was a need to inform the public about the role of universities and in 1975 he produced a survey of 'use ful' research in progress at Cambridge. His lead has been followed up by the University and in March 1977 the first edition of Current Research in the University of Cambridge was distributed to the press and other channels of communication.
Linnett consistently displayed those qualities which a university looks for in its head: a thorough knowledge of the business; an ability to see the issues which matter most; wisdom and judgement in guiding debates; and dignity and assurance on public occasions. Despite the huge demands on him from his department, College and University, he always found time for individuals and gave them his full, courteous and good-humoured attention.
Linnett's outstanding intellectual and personal qualities took him to the top in many of his professional activities. He joined the Faraday Society in 1938, was an Ordinary Member of Council 1956 -58, Vice-President 1959 -61,1965 -67 and 1969 When we turn to Linnett's achievements in research, the first point to note is the wide range spanned by his contributions. He is author or co-author of two books and 265 papers embracing physical, inorganic and theoretical chemistry. It cannot be said that his work was of extreme originality; neither can one point to a discovery of far-reaching significance. Nevertheless he has made a lasting contribution to the development of some of the fundamental ideas in chemistry through his inspired applications of appropriate and simple models.
There are several distinct areas of investigation to be found in his papers. The first is photochemistry in which he was a collaborator of H. W. Thompson. Their paper in the Journal of the Chemical Society 1935 on the spectrum, fluorescence and photochemical decomposition of acrolein, CH2= C H -CHO, is one of the earliest correct suggestions of internal conversion as a mechanism of energy loss by electronically excited molecules. And the two papers on the photochemistry of dimethyl mercury in the Transactions of the Faraday Society 1937 are very interesting; they describe an early use of the nitric oxide molecule NO as a radical trap and deduce from the temperature dependence of the quantum yield that the activation energy for the reaction of the methyl radical with mercury dimethyl is about 50 kj mol-1.
The second area is that of molecular vibrational force fields. Linnett's first papers in this field were published with H. W. Thompson in 1937. Then came his year in E. B. Wilson's laboratory in Harvard observing infrared and Raman spectra of ethane, allene (CH2= C = C H 2), cyclopropane and ethylene oxide. There followed his 1940 paper in the Journal of Chemical , in which he deduced force constants for ethane, methyl halides, methyl cyanide and methyl isocyanide by means of a valency-type force field. The vibrational energy was equated to a sum of terms proportional to the square of the displacement of each chemical bond from its equilibrium length, to the square of the displace ment in the angle between bonds on the same atom, and a cross-term between the carbon-carbon bond length and the HCH angles. Such a cross-term was used by Thompson and Linnett for ethylene and it implies that a change in the carbon-carbon bond length leads to a distortion of the tetrahedral arrangement of the methyl group. In the first issue of Quarterly Reviews of the Chemical Society, in 1947, there is an article by Linnett on force constants; it includes a table of bond-stretching force constants for 85 bonds. Then came his papers with D. F. Heath on 'orbital valency force fields' which differ from simple valency force fields in the treatment of angular distortions; the former considers the bending bond-by-bond whereas the latter treats it angle-by-angle. Heath and Linnett also added a repulsion between crowded non-bonded atoms as in CC14 and SnBr4.
When the orbital valency force field of Heath and Linnett was applied to the bending modes of CH4 and CD4, the triply degenerate mode required a bending force constant which was only 64% of that required by the doubly degenerate mode. Wheatley and Linnett suggested that this difference resulted from the change in hybridization of the carbon atom from the sp3 configuration in the tetrahedral structure. The hybridization in the bonding orbitals changes in such a way that the directions of these orbitals follow the triply degenerate bending motion, but it cannot alter in the manner of the doubly degenerate mode, so that doubly degenerate bending is easier than the triply degenerate. This led to their concept of 'orbital following' which clarifies our understanding of bending force constants of many molecules and ions. Progress in evaluating molecular force constants was reviewed by Linnett in volume 49 of Annual Reports on the Pro gress of Chemistry and in his chapter entitled 'Molecular force fields and valency' in the book published in 1971 to honour the Oxford chemist L. A. Woodward.
A third special interest of Linnett was combustion. It began in wartime with his investigations of spark ignition and gun flash and this led to his work on flame propagation and on the recombination of atoms on surfaces. His later surface work, involving the use of modern physical techniques including Mossbauer spectroscopy, low-energy electron diffraction (l.e.e.d.) and photo electron spectroscopy, evolved naturally from his research on combustion.
When Linnett began his investigations of spark ignition there were two rival views of the mechanism of ignition: the need 'to raise a sufficient volume of the gas to a sufficient temperature', and the need to produce enough radicals. His 1945 paper with Raynor & Frost showed, by the addition of various inert gases to 2H2 + 0 2, that the former is the more important above atmospheric pressure while the latter is the main factor below 0.2 atm, the inert gas hindering the diffusion of radicals away from a small region around the spark. The two 1948 papers with Frost show that water and nitrogen sensitize the spark ignition of the mixtures, while addition of substantial amounts of organic gases to 2H2 + 0 2 exerts a strong anti-ignition effect attributed to the trapping of the radicals responsible for chain branching. Linnett & Nutbourne (1948) found that the addition of even small amounts of inert gases to H 2 + 3N20 inhibits ignition, showing that the mechanism is thermal in origin, as expected for a straight-chain reaction.
Linnett then turned to measurement of burning velocities to determine whether these are controlled by the same factors of heat transfer and radical diffusion. He first used shadow photography of the luminous inner cone of a bunsen flame, but with Grove & Hoare (1950) showed, using Schlieren photography, that refractive index gradients can cause errors of up to 4% in the velocity. In 1951, with Pickering, Wheatley and Conan, he tried the soapbubble method of F. W. Stevens, combined with Schlieren photography, and showed that it had advantages for measuring larger burning velocities and the effect of pressure. He also observed flame propagation along horizontal cylin drical tubes, and in a paper presented to the Fourth International Combustion Symposium in 1953, clearly compared the different methods of measuring burning velocities. His work on burning velocities led to the following chemical conclusions: in various CO + O 2 flames it is difficult to distinguish between the thermal conduction and hydrogen-atom diffusion mechanisms; the effects of helium and argon on C2H 2 + 0 2 systems show that radical diffusion is important and that thermal conduction is not the main factor. Studies of ethyleneoxygen systems of varying composition showed that diffusion ahead of the flame of oxygen atoms and hydroxyl radicals, as well as hydrogen atoms, can be im portant. In another paper presented at the Fourth International Combustion Symposium, Mellish & Linnett (1953) reviewed the effects of inert gases and showed that they act differently on burning velocities, inflammability limits, minimum ignition energies and quenching distances.
With Dixon-Lewis & Heath, Linnett studied explosion limits, particularly in the C 0 + H 2 + 0 2 system. Work continued for many years on the C 0 + 0 2 reaction and in their 1964 paper, Dickens, Dove & Linnett report that carefully dried mixtures of CO and 0 2 explode at substantially higher temperatures than previously reported. However, the achievement of a really dry system proved difficult, as it has to subsequent workers. Gobbett & Linnett (1962) observed explosion limits in borane-oxygen mixtures, and studied the effects of com position, of the size and surface of the vessel, and of added gases.
The work on explosion limits led naturally to the study of atomic reactions on surfaces. However, his interest in this topic soon shifted towards the role of surface structure in determining the efficiency of atomic recombination, and he was still active in this area at the time of his death. The efficiency of surface recombination was measured by a simple technique devised by W. V. Smith, in which the atom concentration along a side-tube closed at the end is measured. The tube is connected to a flow line carrying gas at a fixed pressure and con taining a constant proportion of atoms. In the steady state the atom concen tration decreases along the tube, the actual concentration being determined by the diffusion of atoms in the tube and the conversion of atoms to molecules on the wall. The atom concentration was determined in early work by a thermo couple probe and, following Greaves & Linnett (1959) , by a Wrede-Harteck gauge. Studies were made of the recombination of hydrogen, oxygen and nitro gen atoms on a variety of surfaces. Papers with Greaves, Green, Jennings and Schofield (1959) showed that for both O and H, 'acidic' surfaces were much less effective than 'alkaline' ones in inducing recombination. It was suggested that recombination occurs by addition of an atom to the surface followed by its combination with another and then its replacement. Subsequently Linnett and his students studied atom recombination on alloys and on spinels where the electronic properties of the surface can be varied continuously over a wide range.
In a study of the efficiency of surface recombination of H atoms on palladiumgold, palladium-silver and copper-nickel alloys of different composition, Dickens, Linnett & Palczewska (1965) and Hardy & Linnett (1970) found firstorder kinetics with respect to the gaseous atoms, and a maximum in the efficiency of H-atom recombination for an alloy of intermediate composition.
The activity decreased slowly towards the group V III metal and more sharply towards the group IB metal. This behaviour could be accounted for by the band theory of the electronic structure of these alloys-there are vacancies in the dband in the pure group V III metals and the IB metals tend to fill these vacancies. It was suggested that the strength of the bond between a surface atom and an H atom falls as the number of holes in the d-band decreases and that there is an increase in the energy of the transition-state complex resulting from the dis appearance of vacancies in the d-band. The composition of the alloy had no effect on the recombination of O atoms (Dickens, Linnett & Palczewska 1965) or of N atoms (Rahman & Linnett 1971) , indicating that d-band vacancies are unimportant in these cases. The work of Linnett & Rahman (1971) on the recombination of O atoms on zinc-iron and nickel-iron spinels supports HaufFe's boundary-layer theory of catalysis of gas reactions by solid surfaces.
May & Linnett (1967) employed an ingenious effusion method to determine the efficiency of O atom recombination on evaporated films of copper, silver, gold and chromium. Advantages of the method over Smith's side-arm diffusion method used in the other studies are that it is independent of the diffusion co efficient and that it is at its best for very active surfaces.
Another distinct field of Linnett's research in chemical kinetics was based on his use of mass spectrometry for direct sampling of reacting systems. With Barber, Cuthbert & Farren (1963) he put much effort into the design of a sampling system, but they were somewhat ahead of their time and were inhibited from achieving rapid sampling by the design of the source on the mass spectro meter. Nevertheless, some interesting results were obtained. By adding deuterium iodide and hydrogen bromide to the products of photo-oxidation of methyl iodide, Farren, Gilbert, Linnett and Read (1964) were able to confirm that the photo-oxidation of methyl iodide proceeds via the methyl and methyl peroxy radicals, CH3 and CH30 2, and that OH radicals are involved in the subsequent reactions:
CH80 2 ----------> HCHO + OH, OH + CHs0 2 ----------» CH3OH + 0 2.
Another interesting result of the use of the mass spectrometer is the discovery (Lambert, Christie & Linnett 1967) that the formyl radical, HCO, abstracts methyl hydrogen from acetaldehyde:
CHO + CH3CHO ----------^ CO + Ha + CH2CHO. Gilbert, Lambert & Linnett (1970) used the technique to study the photolysis of mixtures of methyl iodide and nitric oxide, and contributed to the problem that is still unsolved of how N -N bonds are formed in the reaction of methyl radicals with excess NO.
Linnett worked with Jennings on active nitrogen. They wrote a Quarterly Review on this fascinating topic (1958) and reported (1960) a new spectral band at 329 nm in the emission spectra of flames produced by introducing organic vapours into a stream of active nitrogen; they suggested, inter , the correct assignment of this band to NCN.
There are other papers on chemical kinetics. One that deserves mention is Reuben & Linnett's (1959) theory of the thermal decomposition of nitrous oxide; they assumed that the decomposition proceeds via unstable 32 and 3II states to ground state N 2 and 3P oxygen atoms that are translationally 'hot'. Their paper provides the first clear explanation of the consequences of spinconservation in the thermal decomposition of N aO.
The other major research interest of Linnett was the fundamental theory of the chemical bond. This may have had its origin in his investigations of molecular force fields, and was clearly stimulated by his work with Hirschfelder on the interaction of two hydrogen atoms. In their 1950 paper in th of Chemical Physics, Hirschfelder and Linnett used the variational principle to determine at various internuclear distances R four coefficients in a wavefunction incorporat ing covalent, ionic and polarization terms. A feature of the wavefunction is that it correctly describes the long-range dispersion energy varying as 6. The binding energy of the ground state was calculated to be 4.25 eY compared to the experimental value of 4.74 eV. The calculated binding energy is not nearly as accurate as that of James & Coolidge Chem. Phys. 1933, 1, 825) , but the Hirschfelder-Linnett wavefunction has the virtue of simplicity, as well as accuracy in the long-range limit. The changes in the wavefunction with R can be related to physical concepts and this is helpful in understanding the causes of binding in H 2. They also obtained a wavefunction of the same type for the lowest 32 state.
The paper by Linnett & Poe (1951) is of interest because it indicates how Linnett originally approached the problem of directional bonds in simple molecules. Zimmerman & Van Rysselberghe (J. Chem. Phys. 1949, 17, 598) had shown that if there are four electrons with parallel spins in the 2s and 2p atomic orbitals, the electron configuration of maximum probability is that in which the electrons are at the corners of a regular tetrahedron, and they suggested that this is the reason for the tetrahedral carbon atom. Linnett and Poe considered the atom in its valence state and used a determinantal wavefunction and hydrogen-like functions for all electrons. They deduced the values of the electronic spatial coordinates that maximize \ip\2 after integration over the spin coordinates. On this basis they explained the fact that the interbond angles in N H 3 and H 20 are slightly less than tetrahedral and that the angle in H 20 is smaller than that in N H 3. In 1954, Mellish & Linnett extended this work by using more accurate atomic wavefunctions and by considering atoms and ions containing d electrons. They found that the quantitative results, though not the qualitative ones, are markedly dependent on the form of the wavefunction, but that the method did not account for the interbond angle in PH 3 being smaller than in N H 3. Dickens & Linnett (1957) compared these ideas with those of Lennard-Jones, Brickstock and Pople. If electron-electron repulsion in neon can be ignored, Linnett & Poe concluded that the most probable configuration of the eight outer electrons relative to one another is that in which they are in close pairs at the corners of a regular tetrahedron, while Lennard-Jones con cluded that they are in two tetrahedra, the form with a spin being at the corners of one tetrahedron and the form with |3 spin at the corners of the other and that there is no correlation between electrons of opposite spin. Dickens & Linnett point out that, since electrons are indistinguishable in quantum mechanics, it is not meaningful to consider the pair distribution of electrons of specified spin. The whole subject of electron correlation and its chemical consequences was very clearly reviewed by Dickens & Linnett (1957) , and by Linnett in his book Wave mechanics and valency (1960) . Cuthbert & Linnett (1958) suggested that the fact that the inert gases neon, argon, krypton and xenon crystallize in facecentred-cubic lattices might be a manifestation of the tendency of the outer electrons in these atoms to dispose themselves tetrahedrally, whereas helium does not have this ability and it favours a hexagonal close-packed structure.
Linnett (1956, 1957) used Lennard-Jones's concept of equivalent orbitals (Proc. R. Soc. Lond. 1948, A 198, 14) to provide insight into the nature of the bonding in various compounds including C2, N 2, N2", 0 2, NO, C2H 2, HCO, Fe(C5H5)2. He was interested in the electronic structure of compounds of the transition metals and his Introduction to the Faraday Discussion in Dublin in 1958 gave a helpful account of the various approaches to this problem.
In 1961 Linnett published his modification of the Lewis-Langmuir octet rule. It arose from his consideration of the structure of relatively stable radicals, such as nitric oxide and diphenyl-picrylhydrazyl. Lewis's proposal of the octet of electrons, and of electron pairs in compounds of hydrogen, preceded the con cept of electron spin, and it is now accepted that the octet and the pair are made up of an equal number of electrons of a and (3 spin. Linnett suggested that the octet should be treated as two groups of four electrons of each spin, and that each group of four is approximately tetrahedrally disposed about the nucleus. This disposition is favoured by both the Pauli principle and by electronelectron repulsion. The two tetrahedra are only loosely correlated with each other. In many molecules, such as CH4 and H 20 , the two groups of four are similarly disposed around each nucleus and the two descriptions in terms of the octet (or rather four pairs) and the two quartets are identical. However, there are other molecules and radicals in which the description in terms of the double quartet is alone satisfactory. Thus in NO, which could not be satisfactorily described by Lewis, the five valence electrons of one spin and six of the other are illustrated in I and I I : was explained by the fact that there are five bonds between atoms in the dimer and this is the same number as in 2 NO. Furthermore, in the dimer the two sets of electrons are formally coincident but in NO the quartets of each spin do not adopt the same orientation, and this should lower the electron-electron repulsion energy and thereby favour 2 NO relative to N 20 2. Hirst & Linnett (1961, 1962) applied these ideas to the computation of the electronic structure of the allyl cation, radical and anion. They called the method the non-pairing method to distinguish it from the valence-bond and molecularorbital methods. In the case of the cation the valence-bond description is a hybrid of structures I and II, the molecular orbital method assigns the two tt electrons to a bonding orbital III, while the non-pairing method considers the structure as consisting of two one-electron v bonds (IV):
CH2= C H -C H 2 CH2-C H = C H 2 CH2-C H -C H 2 CH2gCHoCH2

I II III IV
The wavefunction for the singlet ground state is a sum of two determinants, one in which the spins are disposed one way and in the other they are reversed. In the one-electron bond between carbon atoms 1 and 2 the function Tz1 + kiz2 was used and k was adjusted to minimize the energy. The performance of the three descriptions of each of the allyl species was compared with that of the best function obtainable by combining together all possible combinations of the three n atomic functions. The non-pairing wavefunction is substantially better than either the valence-bond or molecular-orbital descriptions for all three species. In a later paper on the allyl radical and anion (Hirst & Linnett 1963) complications that arise when each electron is assigned to a different spatial orbital are explored; the difficulty is that, for a given set of space functions, there are a number of combinations of spin assignments which give eigenfunctions of the spin operators. Linnett's non-pairing idea does enable some account to be taken of electron correlation and it is therefore a useful generalization of the molecular orbital method. It was applied by Gould & Linnett (1963) to ozone and compared with a full t z electron configuration-interaction calculation. And it was compared with Lowdin's alternant molecular orbital (a.m.o.) treatment and with a full configuration-interaction calculation on the allyl radical and ions by Chong & Linnett (1964) ; the method of non-paired spatial orbitals (n.p.s.o. as it is now called) more closely approximated to the configuration-interaction treatment. Empedocles & Linnett (1964) deduced a useful simple n.p.s.o. wavefunction for the n electrons in benzene and showed that the method gave a more satisfactory account of electron correlation than the a.m.o. treatment. In 1964 Linnett published his book on the method, The electronic structure of molecules. A new approach. While Linnett's main interest in quantum chemistry was in the development and application of simple models of the chemical bond, he was also involved in self-consistent-field calculations. He worked on NOa and N 20 4 with Green (1961), on Hj", H 2, H^, H 3 and H<f with Bowen (1963 Bowen ( , 1964 , and on various other species; emphasis was placed on comparisons between different approxi mate schemes rather than on absolute accuracy. His paper with Bowen in Molecular Physics (1963) is of particular interest since it employs floating spherical basis functions to describe polarization of the atoms; however, they found that this method offered no improvement over the use of a p function on each proton.
Chesick, Fraser & Linnett (1968) investigated the use of limited gaussian basis sets for calculating wavefunctions and quantities of chemical interest for simple atoms and molecules. They also employed for the first time in a diatomic molecule an explicit electron correlation term in the trial wavefunction. A mixed basis set comprising Slater and gaussian type orbitals was used by Bacskay & Linnett (1972) in work on He, H 2 and H s.
With this background Linnett was well placed to exploit the floating spherical gaussian model introduced by Frost in 1967. This is a self-consistent molecularorbital theory which uses a minimal basis of spherical gaussian orbitals with adjustable exponents and positions. In a long series of papers beginning in 1974 Linnett and his students investigated the utility and limitations of this technique. Frost himself had demonstrated that the method was capable of giving bond lengths and angles to a few parts in a hundred; Linnett and his group showed that it could also give useful energy changes with conformation, although there are serious deficiencies. They extended the method to open-shell systems and applied it to solid and surface calculations. The method's simplicity and range of applicability appealed to Linnett, and he believed that it could be helpful in teaching the theory of the chemical bond.
Linnett's major strength, in which few could match him, was in his total personality. He combined radiant good humour, great warmth, intellectual and physical prowess of high order, and unselfish dedication to helping students, co-workers, friends and relations. These characteristics made him an out standing teacher and leader, as well as a wonderful husband and father. Within England he brought credit to Coventry, Oxford and Cambridge, and through out the world he enhanced the image of British scholarship. 
